In order to demonstrate the intracellular localization of the peroxisome proliferator in the hepatocytes, we have examined the localization of silver grains due to 14C-labeled bezafibrate in cultured rat hepatocytes by means of light and electron microscopic radioautography.
In order to demonstrate the intracellular localization of the peroxisome proliferator in the hepatocytes, we have examined the localization of silver grains due to 14C-labeled bezafibrate in cultured rat hepatocytes by means of light and electron microscopic radioautography.
On light microscopic radioautograms of the epoxy resin sections at each incorporation period, about 90% of all the silver grains were localized over the cytoplasmi Then, statistical significance was evaluated on grain density in the cytoplasm. On electron microscopic radioautograms of whole mount cultured cells observed by high voltage electron microscopy, silver grains were localized on the cytoplasmic matrix, especially over the endoplasmic reticulum.
From these results, it is concluded that bezafibrate was localized over the endoplasmic reticulum. This fact suggests than the receptor of peroxisome proliferator should be associated with the endoplasmic reticulum or the receptor exists on the endoplasmic reticulum. Thus, it is demonstrated that the peroxisome proliferator acts on the endoplasmic reticulum of hepatocytes to proliferate peroxisomes. Introduction
It is well known that various kinds of hypolipidemic drugs induce marked peroxisome proliferation in hepatocytes of the rodents both in vivo and in vitro [3, 10, 13, 24] . A close association has been observed between the peroxisome proliferation and induction of endoplasmic reticulum [4, 17] and fatty acid jl-oxidation enzymes [5, 12, 29] , and species differences [11, 19] . Recently, many studies have been performed in various systems aimed at defining the mechanisms of peroxisome proliferation involved in peroxisome biogenesis and receptors of the peroxisome proliferators.
It was reported that the existence of peroxisome proliferators binding protein (PPBP) was found in rat liver cytosol [16, 17] . Otherwise, it was identified that peroxisome proliferators activated a nuclear hormone receptor superfamily termed peroxisome proliferator activated receptor (PPAR) [8, 14, 27] . However, no histological study has been reported concerning the distribution and/or localization of the peroxisome proliferators in the cell. The distribution of a peroxisome proliferator has been revealed by whole-body radioautography [28] . However, the localization of the peroxisome proliferator in the cells has not ever been investigated. In order to demonstrate the relation to the peroxisome proliferator and the hepatocytic cell organelles, especially the peroxisome proliferator and its receptors, we have examined the localization of 14C labeled bezafibrate in rat cultured hepatocytes by means of light and electron microscopic radioautography.
II. Materials and Methods

Cell culture
Isolated rat hepatocytes were prepared from male Sprague-Dawley rats weighing 110-150 g (purchased from Nihon SLC, Shizuoka, Japan) by the collagenase (Type IV, Sigma, St. Louis, MO, USA) perfusion technique [6] . Then the hepatocytes were cultured for 10 or 60 min under the same condition as above.
Light microscopic radioautography of epoxy resin embedded cells Cells in collagen coated plastic multiplate dishes (Corning, Iwaki Glass Co Ltd. Tokyo, Japan) were fixed in 2% paraformaldehyde in 0.1 M PB for 30 min, and were incubated in alkaline DAB solution for 10 min [2] followed by osmification, dehydrated in serial ascending ethanols and embedded in Luveak 812 (Nacalai Tesque, Inc. Kyoto, Japan).
Two um thick sections were cut with an ultramicrotome V2088 (LKB, Bromma, Sweden) and a diamond knife (DiATOME Ltd. Biel, Switzerland), and placed on glass slides. Sections were dipped in Konica NR-M2 emulsion (Konica Co., Tokyo, Japan) according to the mass production method [20, 21] . They were exposed for 2 or 4 months and followed by the same developing procedure as the above description.
The number of silver grains was determined by counting the number of silver grains under an Olympus Vanox-S light microscope (AH-2, Olympus Opt. Co. Ltd., Tokyo, Japan), and grain density was determined with an image analyzer (Model G-3-A, Mutoh, Tokyo, Japan) on twenty cells of each incubation period.
Statistical evaluations were performed by Student's t-test.
Electron microscopic radioautography of whole mount cultured cells
Whole mount cultured cells were prepared according to Nagata et al. [22] . Separated cells were seeded onto gold meshes (VECO B.L., Eerbeek, Holland) which were coated with formval and collagen, and placed at the bottoms of dishes and incubated in a CO2 incubator.
After the cells were cultured with radioactive bezafibrate (3.7 MBq/ml), they were fixed with 2% paraformaldehyde in PB, stained with DAB [2], and postfixed in 1% osmium tetroxide.
The specimens were dehydrated in ethanol series for a few min, dried in a critical point dryer JCPD-5 (JEOL, Tokyo, Japan). They were mounted with Konica NR-H2 emulsion (Konica Co., Tokyo, Japan) according to the dry mounting method [23] . They were exposed for 4 or 8 months and followed by the same developing procedure as above. The specimens were observed at accelerating voltages of 120-1,000 kV with JEM-1200EX electron microscope (JEOL, Tokyo, Japan), JEM-4000EX and H1250 electron microscope (Hitachi, Tokyo, Japan).
Some of the specimens were photographed by tilting them and stereo-pairs were prepared.
III. Results
On the light microscopic radioautograms of epoxy resin sections, on the other hand, many silver grains were with 2% paraformaldehyde, stained with DAB, embedded in epoxy resin, radioautographed by wet-mounting and exposed for 2 months. DAB positive peroxisomes and silver grains are seen. Many silver grains are observed over the cytoplasm, but only a few silver grains are observable over the karyoplasm (arrows).
observed over the cytoplasm, but a small number of silver grains were seen on the karyoplasm in both 10 and 60 min incubation periods (Fig. IA, B) . The same tendency was confirmed on the radioautograms developed after prolonged exposure for 6 months (data not shown). The number of silver grains over the hepatocytes was divided according to their localization into two compartments: karyoplasm and cytoplasm. The number of grains counted over the each compartment is shown in Table 1 . About 90% of all silver grains were localized over the cytoplasm at each experimental period.
After measuring the area size of hepatocytic compartments, the grain density was evaluated on both compartments (Table 2) . However, statistical examination revealed that the grain densities were not so significantly different as the grain numbers between cytoplasm and karyoplasm. The grain density of cytoplasm was only 1.5-1.6 times higher than karyoplasm.
The localization of silver grains in cytoplasm was observed on electron microscopic radioautograms of whole mount cultured hepatocytes.
Silver grains were seen on the cytoplasmic matrix and the edge of cytoplasmic organelles (Fig. 2) . On the stereo-pictures taken by high voltage electron microscopy, they were observed to concentrate on the cytoplasm especially over the endo- plasmic reticulum (Fig. 3) .
IV. Discussion
Previously, we demonstrated that peroxisome proliferation was observed in hepatocytes of some species treated orally with bezafibrate [19] . Remarkable proliferation was especially confirmed in male rats [19] . In this study, we demonstrated the peroxisome proliferation with bezafibrate treatment in primary cultured male rat hepatocytes similarly to the in vivo study with bezafibrate [19] or the in vitro studies with the other peroxisome proliferators in cultured cells [3, 10, 18] . It is considered that cultured hepatocytes were a useful experimental system to elucidate the mechanism of peroxisome proliferation. We made use of this system to demonstrate the intracellular localization of 14C-labeled bezafibrate by light and electron microscopic radioautography.
From grain counting on the sections of epoxy resin embedded cells, about 90% of all the silver grains were localized over the cytoplasm. Then, statistical significance was evaluated on the grain density of the cytoplasm to the karyoplasm.
However, the difference of the grain density between the cytoplasm and the karyoplasm (cytoplasm/karyoplasm: 1.6) were not so large as the difference of the grain number between them (cytoplasm/ karyoplasm: 9.0). The reason for this should be due to the larger cytoplasmic volume than the karyoplasm, so that by grain counting a large number of grains were counted over the cytoplasm.
On the electron microscopic radioautograms of whole mount cultured cells, silver grains were localized over the cytoplasmic matrix and endoplasmic reticulum. From the results, it was speculated that the receptors of peroxisome proliferator associated with the endoplasmic reticulum or the receptors existed on the endoplasmic reticulum and/or peroxisome proliferator might act on the endoplasmic reticulum to proliferate peroxisomes.
Recently, it has been reported that the peroxisome proliferator binding protein (PPBP), 70 kDa, was purified from rat liver cytosol [15, 16] . It has also been indicated that PPBP was related to the heat shock protein Hsp72 [1]. Otherwise, it has been identified that peroxisome proliferators activated a nuclear hormone receptor superfamily termed the peroxisome proliferator activated receptor (PPAR) [8, 14, 27] . Nuclear hormone receptors are Fig. 3 . Electron microscopic stereo-pair of a whole mount cultured rat hepatocyte fixed with 2% paraformaldehyde after incorporation of 14C-bezafibrate for 10 min, stained with DAB, dried with critical point drying and radioautographed by wet-mounting. The specimen was observed with a high voltage electron microscope at an accelerating voltage of 1,000 kV. Silver grains are observed on the cytoplasmic matrix, especially over endoplasmic reticulum.
ligand-activated transcription factors and bind directly to specific DNA sequences [7, 9] . It has been reported that the nuclear hormone receptor superfamily localized in the nucleus [25, 26] . We considered that bezafibrate bound to these receptors and the localization of silver grains in this study might correspond to the location of the receptors of peroxisome proliferators. However, the localization of silver grains was not only in the cytoplasm but also in the nucleus, and did not agree with the location of both PPBP and PPAR.
If peroxisome proliferators act by a mechanism similar to nuclear hormones, peroxisome proliferators should migrate through cytoplasm to nuclear PPAR. Therefore, we maintain that the localization of silver grains is dependent on the total of migrating and binding bezafibrate.
The location of the receptors is not yet decided exactly, and the relation between these results obtained in this study and PPAR or PPBP is not clear. At any rate, this study should be the first report to investigate the localization of the peroxisome proliferator in the hepatocytes morphologically.
The results that we show in this paper are very important to prove the localization of receptor of peroxisome proliferators in the cell and the mechanism of peroxisome proliferation should be further elucidated.
V. Conclusions
It is concluded that bezafibrate was localized over endoplasmic reticulum.
This fact suggests that the receptor of peroxisome proliferator should be associated with the endoplasmic reticulum or the receptor exists on the endoplasmic reticulum.
Thus, it is demonstrated that the peroxisome proliferator acts on the endoplasmic reticulum of hepatocytes to proliferate peroxisomes.
VI. 
